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The Effect of Urban Evolution on White Clover (Trifolium repens) in Salem, Oregon
Tayler Tate and Isaac Manju | Advisors: Ava Howard and Gareth Hopkins
Department of Biology, Western Oregon University, Monmouth, Oregon
• Created urban-rural transect in Salem, OR (Figure 1) 
• Divided  transect into 40 sites with at least 200 m 
between sites
• Collected 20 plant samples (sample = 1 stolon with 3-4 
attached leaves) from each site
• Tested HCN production with Feigl-Anger paper (Figure 2)
• Percent Cyanogenic = 
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑡ℎ𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝐻𝐶𝑁
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠
𝑥 100
• Salem data shows similar trends to 
other cities1 but statistically the  
relationship between HCN 
production and distance from city 
center is not significant (p = 0.096)
• Salem is a relatively small city and 
may not have a large effect on 
urban evolution compared to other 
larger cities
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• Urbanization is increasing globally and may be influencing 
the evolution of species in these environments3
• A previous study found that 3 of 4 North American cities 
tested had an increase in hydrogen cyanide (HCN) 
frequency in white clover as distance from the urban 
center increased1
• HCN production in white clover is a Mendelian-inherited 
trait that protects against herbivores but causes tissue 
damage in freezing temperatures
• The Global Urban Evolution Project (GLUE) is continuing  
research in 171 cities around the globe2
• As participants of the GLUE project, we tested HCN 
frequencies in white clover in Salem, OR
Figure 3. Percent cyanogenic white clover along urban-rural transect (n = 40 populations). 
red = urban, green = peri-urban, purple = rural
Is there a correlation between HCN production in 
white clover and distance from the Salem city center? 
Salem, OR
• Water stress tends to be higher in urban areas than in 
rural areas3
• Water stress can impact the physiology of plants and 
under prolonged water stress, growth and productivity can 
be reduced4
• As a secondary test alongside the GLUE project we tested 
soil moisture levels at white clover sites
• Collected, weighed, & dried soil samples from each site
• Percent Soil Moisture = 
𝑊𝑒𝑡 𝑠𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 −(𝐷𝑟𝑦 𝑠𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡)
𝑊𝑒𝑡 𝑠𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥 100
• There is no correlation between soil 
moisture and the frequency of HCN 
production in white clover (p = 0.570)
• The wide range of soil moisture 
levels across all sites suggests HCN 
production, as a trait, is not linked to 
water stress levels
Introduction
Questions
Could soil moisture levels be causing a change in HCN 
frequencies in white clover? 
Methods
ConclusionResults
Population
Urban
Peri-urban
Rural
Figure 4. Percent cyanogenic white clover as soil moisture increases (n = 40 populations).
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Figure 5. White Clover (Trifolium repens)
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Figure 2. Feigl-Anger assay paper. Blue dots 
are individuals that produce HCN.Figure 1. 40 sites of Salem urban-rural transect
0
20
40
60
80
100
0 5 10 15 20 25
Pe
rc
en
t 
cy
an
o
ge
n
ic
Distance from city center (km)
Cyanogenesis as distance from city center increases
Linear Regression
p = 0.096 
r = 0.267
Linear Regression
p = 0.570
r = 0.093
